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In vitro studies in our laboratory (1,2) and elsewhere 
(3,4) have shown that dopamine can directly stimulate renin 
release from the mammalian renal juxtaglomerular cells and 
that this effect appears to be mediated by a beta-adrenergic 
receptor mechanism involving increases in tissue cyclic AMP 
levels (1,2). We have also evaluated the possibility that 
dopamine-specific receptors may participate in the regula-
tion of renin secretion {1,2). In these studies, the dop-
amine-receptor blocking agent, pimozide, significantly sti-
mulated renin secretion from renal cortical slices of sodium 
deficient rats. This marked increase in renin secretion 
occured whether or not dopamine was added in conjunction with 
this agent, suggesting that the stimulatory effect is due to 
pimozide itself. Furthermore, the observed increase in renin 
secretion in response to various doses of pimozide was 
coupled with a significant decrease in tissue cyclic AMP 
content after a one hour incubation period. These data sug-
gest an inhibitory action of dopamine or renin release which 
is prevented by administration of pimozide. Conversely, 
these results could reflect a generalized effect of pimozide 
1 
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on the juxtaglomerular cell membrane resulting in uncontrol-
led release of pre-formed renin. Clearly, further studies 
are required in order to fully evaluate the type of mechan-
ism by which pimozide itself influences renin secretion, and 
to further examine the possibility that dopaminergic recep-
tors may participate in the regulation of renin release. 
~ vitro renal tissue preparations are particularly use-
ful in the examination of specific factors which may directly 
affect renin release since they effectively eliminate the 
action of other factors known to influence renin release in 
the live animal. Furthermore, ~ ~ (5-8) and in vitro 
studies {1,2,9-11) have shown that both renin secretion and 
the renin secretory responses to sympathetic stimuli, are 
potentiated by dietary sodium deprivation. Thus, a renal 
cortical slice preparation from sodium deficient rats which 
maximizes juxtaglomerular cell responsiveness, is an effec-
tive tool for the evaluation of the mechanisms by which iso-
lated factors regulate renin secretion. 
The present study utilizes a hypersensitive renal cor-
tical slice system from the sodium deficient rat to: 1) 
determine if the stimulatory effect of dopamine on renin se-
cretion involves the release of pre-formed renin and/or ~ 
~ synthesis of renin, by examining both secretory and 
tissue renin content changes in response to dopamine admin-
istration at various time intervals; 2) further evaluate 
the possible role of dopaminergic receptors in the regula• 
tion of renin release by utilizing the dopamine-receptor 
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agonist, apomorphine; 3) provide additional evidence for a 
possible mechanism by which pimozide itself may affect renin 
release by examining the changes in tissue renin content, 
tissue cyclic AMP levels, and renin secretion rate with time, 
in response to administration of this agent to the renal cor-
tical slice system and; 4) further investigate the role of 
cyclic AMP as an intracellular mediator by determining if 
tissue content responses of this nucleotide are coupled with 
changes in tissue renin content and renin release. 
Portions of these data have been reported in prelimin-
ary form (12). 
CHAPTER II 
LITERATURE REVIEW 
A. Renin-Angiotensin-Aldosterone Regulation of Electrolyte 
and Blood Pressure Homeostasis 
Renin, a glycoprotein (13) synthesized in the juxtaglo-
merular cells of the kidney, is normally secreted into the 
systemic circulation where it cleaves a hepatic alpha2-glo-
bulin angiotensinogen (renin substrate) to form the decapep-
tide angiotensin I (13). Angiotensin I is further split by 
the action of a circulating converting enzyme to yield the 
powerful vasoconstricting agent angiotensin II (13). Angio-
tensinase enzymes present in the systemic circulation in 
turn inactivate angiotensin II to produce metabolic by-pro-
ducts which possess little or no vasoconstrictor activity 
and, are normally excreted in the urine (13). In addition 
to its metabolic fragment angiotensin III, can exert an in-
direct regulatory effect on blood volume. Both angiotensin 
II and angiotensin III infusions stimulate synthesis and se-
cretion of aldosterone and antidiuretic hormone (ADH), there-
by effecting electrolyte and blood volume homeostasis (14-
4 
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16). Thus, renin, through its effect on angiotensin II and 
aldosterone production, is an important factor in the main-
tenance of electrolyte, blood pressure and blood volume ho-
meostasis. 
B. Control of Renin Secretion 
It is well established that renin release in the live 
animal, is under the simultaneous influence of a variety of 
factors. These factors include: 1) intrarenal receptors, 
such as the afferent arteriole baroreceptor and the macula 
densa natrioreceptor; 2) humoral factors such as ADH, angio-
tensin II, estrogen, and intrarenal prostaglandins; 3) cen-
tral nervous system pathways originating in the vasomotor 
centers of the medulla oblongata and the hypothalamus; and 
4) peripheral sympathetic neural mechanisms which are medi-
ated by the renal nerves and circulating catecholamines from 
the adrenal medulla. 
1. Intrarenal Receptors 
a. Afferent Arteriole Baroreceptor Control of Renin 
Release 
The renin-secreting juxtaglomerular cells are modified 
smooth muscle cells and as such are sensitive to stretch. 
Tobian (17) and Skinner (18) first proposed the existence of 
a renal perfusion pressure, asd a number of subsequent stu-
dies have confirmed their findings by demonstrating that al-
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terations in renal blood flow and perfusion pressure can mod-
ify renin release. Utilizing the non-filtering, denervated 
kidney in the dog, Blaine and co-workers (19,20) have shown 
that the influence of the baroreceptor mechanism can be fully 
exerted in the absence of a functional macula densa and the 
renal nerves, suggesting that this pathway can operate inde-
pendently of the other factors which affect renin secretion. 
Conversely, infusion of the smooth muscle relaxing agent, 
papaverine into the renal artery of the non-filtering dog 
kidney (21), have been shown to block the secretory responses 
to hemorrhage, further supporting the existence of a vascular 
baroreceptor mechanism, participating in the regulation of 
renin release. 
b. Macula Densa Control of Renin Release 
The close anatomical association between the macula 
densa cells of the distal convoluted tubule and the juxtaglo-
merular cells of the renal afferent arteriole, has led to 
the hypothesis that renin release may also be modified by 
the electrolyte composition of the filtrate in the distal 
tubule. However, the mechanism by which these changes ul-
timately affect renin release is still under debate. Studies 
by Vander and Miller (22) have suggested that a decreased 
sodium load to the macula densa area is the main stimulus 
leading to renin release. However, micropuncture studies by 
Thurau and associates (23) have shown that it is an increas-
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ed delivery of sodium to the macula densa area which is re-
sponsible for the observed effects on renin release. Studies 
by Nash et. al. (24) and Humphrey et. al. (25) have supported 
this later view. These data, therefore, can be interpreted 
as being suggestive of participation of the macula densa 
mechanism primarily in those instances in which renin release 
is to be inhibited. Alternatively, Barajas (26) has pro-
posed that macula densa influence on renin release is depen-
dent on the degree of distal tubular and afferent arteriolar 
contact and that contact increases with increasing tubular 
sodium concentration. Recently, some studies have proposed 
that distal tubular chloride load rather than sodium load 
may be the stimulus for triggering the macula densa-dependent 
effect on renin secretion (27,28,110,111). 
2. Humoral Factors 
A large number of circulating factors are known to in-
fluence renin secretion. Most important among these angio-
tensin II and ADH, and to a lesser degree, ovarian estrogens 
and adrenal corticoids. 
Infusions of angiotensin II into the renal artery of 
dogs have been shown to inhibit renin release (29-32), pos-
sibly a direct negative feedback effect on the juxtaglomeru-
lar cells or, indirectly through its effect on vascular con-
tractility (31,32). Blair-West and associates (31) have 
demonstrated that chronic intravenous infusion of angiotensin 
8 
II prevents the rise in plasma renin activity associated with 
sodium depletion. Shade et •. al. (32) have extended these 
findings by showing that the inhibitory effect of angiotensin 
II on renin secretion is not only seen in the non-filtering 
kidney, but it also appears to be independent of renal blood 
flow and arterial pressure changes, thus supporting the view 
of a direct feedback effect of this agent on renin release. 
This concept has received added support by investigators uti-
lizing ~ vitro kidney slice systems (10,33) or the isolated, 
perfused rat kidney (34). 
ADH has also been postulated to exert an inhibitory in-
fluence on renin secretion {30,32,35). Tagawa and associ-
ates {36) have confirmed these observations by showing that 
physiological increases in ADH cause significant decreases 
in renin secretion in the unanesthetized sodium-deprived dog. 
However, the mechanisms mediating this inhibitory control of 
renin release by ADH remains unclear. 
The effects of ovarian estrogens and adrenal steroids 
on renin secretion have also been investigated. Oral estro-
genic contraceptives are known to cause variable increases 
in plasma renin activity {37) perhaps by their stimulatory 
action of hepatic production of renin substrate. Conversely, 
adrenal glucocortocoids may influence renin release through 
their actions of renal hemodynamics and glomerular filtra-
tion rate (38). Aldosterone, however, appears to have no 
direct influence on renin secretion but it may indirectly 
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affect it by its known action on sodium reabsorption (39). 
Recent studies in a number of laboratories have pres.ent-
ed evidence supporting the view that prostaglandins partic~­
pate in the control of renin release in normal and patholo-
gical states. Treatment of malignant hypertension with·the 
cyclooxygenase inhibitor, indomethacin, has been shown to· 
supress plasma renin activity (40). Administration of ara-
chidonic acid, a prostaglandin precursor, stimulates renin 
release in renal cortical slices of the rabbit (41). PGI2 
has been found to be present in large concentrations in the 
renal cortex and to be capable of stimulating renin secre-
tion in both the intact kidney and in renal cortical slices 
(41,42). However, the mechanism involved in the action of 
prostaglandins remains to be determined. 
3. Central Nervous Control of Renin Release 
It is now clear that a central nervous mechanism parti-
cipates in the peripheral regulation of renin release. Sti-
mulation of the pons results in dramatic increases in the 
rate of renin release in the intact kidney (43-44). Ueda 
et. al. (45) have observed similar increases following mesen-
cephalic stimulation. Zehr and Feigel (46) have presented 
data suggesting the existence of a central inhibitory compo-
nent as well. In their studies, they found that stimulation 
of the anterior hypothalamus resulted in the suppression of 
plasma renin activity in the unanesthetized dog. These 
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results are consistent with the antagonistic roles these 
areas playin the regulation of behavior and circulation (47). 
In addition to the direct regulatory action of angio-
tensin II on renin secretion, recent evidence indicates that 
it also has a central regulatory role. Infusions of this 
agent into the third cerebral ventricle, are followed by a 
decrease in plasma renin activity (16,48). It is not known 
whether this effect may be exerted by angiotensin II genera-
ted locally in the brain or alternatively, by systemic angio-
tensin II which crosses the blood brain barrier. Regardless, 
the possible existence of a functional brain renin angioten-
sin system is currently the subject of much controversy. 
Philips et. al. (49) have shown that in addition to angio-
tensin II, other components of the system including renin, 
angiotensinogen, and converting enzyme are also present in 
brain tissue, thus supporting the existence of a central 
renin-angiotensin system. Conversely, Day and Reid (50) have 
suggested that brain •renin" is instead the lysosomal enzyme 
cathepsin D. Additionally, they indicate that the optimum 
pH for this so-called brain "renin" enzyme is outside the 
physiological range, and that the concentrations of the 
other components of the system are too small to be of func-
tional significance. 
4. Peripheral Sympathetic Neural Control of Renin Release 
Numerous electron microscopic (51-53) and histo-chemi-
11 
cal flourometric studies (54,55), have demonstrated the pre-
sence of a large network of nerve terminals in close associ-
ation with the renal afferent and efferent arterioles and 
the juxtaglomerular cells. These studies have also demon-
strated that these nerve terminals are primarily sympathetic 
in nature. These observations have led to the postulation 
that the renal sympathetic nerves may play an important role 
in the homeostatic regulation of renin secretion. 
a. Effects of Renal Nerve Stimulation and Renal Dener-
vation 
It is generally accepted that the sympathetic nervous 
system can influence renin release by both circulating cate-
cholamines from the adrenal medulla and by norepinephrine 
secreted by renal sympathetic nerve terminals (39,56). The 
effect of circulating epinephrine and norepinephrine on ren-
in secretion may be indirectly mediated through their actions 
on the afferent arteriole baroreceptors, or the macula densa 
natrioceptors. On the other hand, norepinephrine released 
by renal sympathetic nerve terminals may directly stimulate 
renin release through an interaction with specific receptors 
located on the juxtaglomerular cell membrane (10,13). 
Evidence for a direct sympathetic effect which is inde-
pendent of vascular and macula densa influences, has been 
gathered from a number of studies. Johnson et. al. (57} 
showed that electrical stimulation of the renal nerves caused 
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an increase in renin release from the non-filtering dog kid-
ney treated with papaverine to inactivate baroreceptor re-
sponses. Similarly, increases in renin release produced by 
the stimulation of the vasomotor area of the cat brain are 
abolished by renal denervation or treatment with the beta-
adrenergic blocker, propranolol (44). Other studies have ad-
ditionally demonstrated that renal nerve stimulation can di-
rectly affect renin release in the absence of other factors 
{58-60). 
Data generated from studies which have utilized the de-
nervated kidney have largely confirmed these findings. Passe 
et. al. (43) found that the increase in renin release associ-
ated with stimulation of the medulla oblongata, was abolished 
by renal denervation. Denervation has also been shown to 
prevent the effects of postural changes and furosemide infu-
sion on renin secretion (61). Sympathetic effects on renin 
release are also blocked by administration of propranolol 
(44), by ganglionic blockade or by local anesthesia (30). 
b. Adrenergic Receptor Mediation of Renin Secretion 
Numerous in vivo and in vitro studies have shown that 
catecholamine administration results in an increase in renin 
release (1,2,6,9,10,58,62-67). Experiments by Otsuka et. al. 
(68) in the dog indicate that the marked increase in renin 
release caused by insulin-induced hypoglycemia, can be abol-
ished by adrenal denervation and restored by catecholamine 
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infusion. Thus, these data are indicative of the direct ef-
fect of catecholamines on the renin secreting juxtaglomeru-
lar cells. 
The stLmulatory effect of catecholamines on renin se-
cretion has been postulated to be mediated by a beta-adrener-
gic receptor-mechanism (1,2,9,10,69-72), involving intracel-
lular generation of cyclic AMP (1,2,9,10,70-73). 
Alternatively, Vandogen et. al. (74), Nally et. al. 
(70) , and Pettinger (75) , have evaluated the role of alpha-
adrenergic receptors in the control of renin secretion. 
Their data show that stimulation of renal alpha-adrenergic 
receptors results in a marked inhibition of renin secretion, 
which can be prevented by the addition of alpha-blocking 
agents. Moreover, this inhibitory effect on renin release 
produced by alpha-adrenergic receptor activation has been 
shown to be coupled with significant decreases in the cyclic 
AMP content of the renal tissue (9,10,76). 
c. The Dopamine Vascular Receptor and Oopaminergic 
Control of Renin Release 
It has been amply demonstrated that dopamine is an ob-
ligatory precursor of norepinephrine in the central nervous 
system and in peripheral sympathetic nerve terminals (77). 
It is also known that dopamine is an important central 
neurotransmitter (78) and its presence has been reported in 
renal tissue (79). In view of these findings, considerable 
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interest has arisen in recent years in regard to the possibi-
lity that this catecholamine precursor may participate in 
the regulation of renin secretion. This has been further 
strengthened by the findings of a number of investigators 
pointing to the existence of a renal dopaminergic receptor 
which may mediate renal vascular dynamics (80~89). 
McDonald et. al. (80,81), have reported that intraven-
ous infusion of dopamine in human subjects, results in mark-
ed reduction in renal arterial resistance coupled with a 
significant increase in renal plasma flow and sodium excre-
tion. McNay et. al. {82), have observed a similar effect in 
the anesthetized dog. Since alpha- and beta-blocking agents 
did not alter these responses, they suggested that dopamine 
may exert its effect by an alternate receptor mechanism, 
possibly one that is dopamine-specific. The experiments of 
Yeh and co-workers (83), in which intrarenal injections of 
the dopamine-receptor blocker, haloperidol, attenuated the 
renal vasodilating effect of dopamine provided added support 
for the existence of a dopamine renal vascular receptor. 
Similar results have been obtained using additional dopamine-
receptor blockers such as chloropromazine (84), and bulbo-
capnine (85,86). Furthermore, the dopamine-receptor agonist 
apomorphine and the N-methyl dopamine analog epinine, have 
been shown to cause dopamine-like effects on renal vasodila-
tion (87) • 
Nakajima and collegues (88,89) have extended these 
15 
findings by suggesting that the action of this dopamine vas-
cular receptor may depend on the activation of an adenylate 
cyclase system. In their studies, addition of dopamine to a 
rat kidney particulate preparation resulted in a significant 
increase in the cyclic AMP content of the medium, which was 
unaffected by alpha- (phentolamine) or beta- (propranolol) 
blockade. Conversely, spiroperidol an effective dopamine-
receptor antagonist, blocked this stimulatory effect while 
the dopamine-receptor agonist apomorphine potentiated it. A 
subsequent study by the same investigators {89) confirmed 
their original observations and further demonstrated that, 
the increased cyclic nucleotide levels produced by addition 
of the phosphodiesterase inhibitor theophylline, were effec-
tively blocked by spiroperidol. Taken together, these find-
ings support the existence of a dopamine-specific, adenylate-
sensitive, vascular receptor in the kidney. This is consis-
tent with other evidence suggesting the presence of similar 
cyclic AMP-mediated dopamine receptors in the brain and re-
tina (90-92). In view of the previously discussed data re-
garding the role of dopamine in the regulation of renal vas-
cular dynamics, a number of studies are presently being di-
rected toward determining whether dopamine may have a direct 
effect on the juxtaglomerular cells to increase renin secre-
tion, and thus indirectly regulate electrolyte, blood volume, 
and blood pressure homeostasis. 
Working ~ ~~ Ayers and collegues (62) have shown 
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that dopamine administration results in a marked increase in 
renin release. Bell and Lang (93) have also demonstrated 
that dopamine can stimulate renin secretion and that this 
effect is blocked by the dopamine-receptor antagonist, ergo-
metrine. Wilcox et. al. (65), as well as Imbs and collegues 
{94,95), have confirmed these observations. 
On the other hand, some studies have provided contradic-
tory evidence. Cuche et. al. (96) found an inverse rela-
tionship between urinary dopamine and plasma renin activity, 
as a result of postural changes from the supine to the up-
right position. Since plasma renin activity increased while 
urinary dopamine decreased, they suggested a possible inhi-
bitory role for dopamine on renin release, mediated by changes 
in renal plasma flow or sodium load to the macula densa. 
Chokshi and associates (97), have supported this concept by 
showing that renal artery infusion of dopamine causes an in-
crease in renal plasma flow and a simultaneous decrease in 
renin secretion. 
In vitro studies generally supported the view of a di-
rect action of dopamine on renin release. Henry and co-work-
ers (3) have demonstrated in a rat renal cortical prepara-
tion, that administration of dopamine doses of 10-7M or 
greater results in significant increases in renin secretion. 
They also found that alpha-receptor blockade (phentolamine}, 
dopamine-receptor blockade (haloperidol) , or addition of co-
caine (a catecholamine re-uptake inhibitor}, did not alter 
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the stimulatory effect of dopamine, but that propranolol ad-
ministration effectively prevented it. They concluded that 
renin release may be partially regulated by a beta-adrener-
gic mechanism, and that dopamine-specific receptors may not 
participate in this regulation. Their findings have been 
supported by Quesada et. al. (4). SLmilar in vitro studies 
in our laboratory (1,2) have confirmed Henry's and Quesada's 
observations in regard to the stimulatory effect of dopamine 
on renin release and the inhibition of this effect by propra-
nolol. However, we have further extended their observations 
by demonstrating that both, the stimulatory effect on release 
and the blockade of this effect by propranolol, are coupled 
with corresponding changes in the cyclic AMP content of the 
sliced tissue. These data strongly support the view that 
the action of dopamine on renin secretion, similar to that 
exerted by norepinephrine, is mediated by the activation of 
an adenylate cyclase receptor complex in the membrane of the 
juxtaglomerular cells. Also, since the data regarding the 
possible participation of dopamine-specific receptors is 
controversial at best, it is clear that further studies de-
signed to investigate this possibility are in order. 
CHAPTER III 
MATERIALS AND METHODS 
Male, Sprague-Dawley rats (Sprague-Dawley co.) with in-
itial weights of 210 ± lOg, were fed a sodium deficient diet 
(Teklad Test Diet Co.) providing less than 0.02mEq of sodium 
per day for 1.5 to 2.5 weeks. Male animals were chosen to 
eliminate the influence of cyclic estrogenic variations, in 
view of reports that circulating estrogens can exert effect 
on renin release (37). They were kept in a temperature-con-
trolled room, two animals per cage and had unlimited access 
to distilled-deionized water. At the end of the dietary in-
take period, the animals were sacrificed by decapitation and 
their kidneys rapidly excised, gassed for 30 sec with 95% o2 
- 5% co2 prior to and after decapsulation, and placed in 
Robinson's buffer medium (98) at 4°C. Renal cortical slices 
approximately 0.3mm thick were prepared using a Stadie-Riggs 
microtome (A. Thomas Co.). Each cortical slice was further 
divided into several portions according to the number of 
treatments, and randomly assigned to separate incubating 
vessels containing 2.5 ml of Robinson's buffer. This pro-
cedure was repeated using other areas of the renal cortex 
until each vessel contained 50 ± 30mg of cortical tissue. 
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This random distribution of sliced tissue ensured that all 
incubating vessels contained a homogeneous cell population 
from each cortical area, and thus allowed one of each group 
to be used as a common untreated control for each group of 
treatments. The tissue was then pre-incubated for 15 min at 
37°C in a shaking Dubnoff Metabolic Incubator (Precision 
Scientific), in an atmosphere saturated with 95% o2 - 5% co2 • 
The pre-incubated slices were subsequently transferred to 
corresponding incubating vessels containing 2.5 ml of Robin-
son's buffer previously equilibrated to 37°C, and incubated 
for 5, 20 or 60 min, under conditions identical to those of 
the pre-incubation period. 
A group of experimental vessels, having a common control 
sample, was treated with dopamine (10-3M) added either alone 
or together with either of two doses of the dopamine-receptor 
blocker pimozide (10-8M or 10-6M). Pimozide at both concen-
trations was also added alone to the renal cortical prepara-
tion. Alternatively, a second group of vessels was similarly 
treated with 10-3M dopamine, but in this instance the dop-
amine-receptor agonist apomorphine (10-6M) was added to the 
slice system either alone or together with dopamine. All 
tissue samples, including controls, were also treated with 
the dopamine beta-hydroxylase inhibitor FLA-63 (10-4M) to 
prevent conversion of dopamine to norepinephrine (99) in the 
slice preparation. FLA-63, apomorphine, and pimozide, were 
added to the tissue system prior to both the pre-incubation 
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and incubation periods whereas, dopamine was added prior to 
the incubation period only. 
Dopamine (Sigma), apomorphine, and FLA-63 (Regis Chemi-
cal Co.) solutions were prepared in 0.1% ascorbic acid (Sig-
ma) to prevent oxidation. Pimozide solution (Janssen Phar-
maceutical) were prepared in 1.2% tartaric acid (Sigma) for 
the same reason. 
Following incubation, the supernatant medium was collec-
ted and stored at -20°C until assayed for renin concentra-
tion. Tissue used for cyclic &~P determination was collected 
at the end of all incubation periods and rapidly frozen on 
dry ice. The frozen tissue was then homogenized in 1 ml of 
8% trichloroacetic acid and stored at -20°c. 
A. Tissue Cyclic AMP Extraction and Measurement of its 
Content 
Frozen cyclic AMP tissue homogenates were allowed to 
thaw in an ice-water bath, followed by centrifugation at 
3100g for 10 min at 4°c. The supernatant was transferred to 
conical centrifuge tubes using disposable Pasteur pipettes 
while the protein-containing precipitate was discarded. The 
supernantant samples were then washed four times with 2 ml 
of water-saturated ether, vortexed for 10 sec at each step, 
and the ether phase aspirated and discarded. After the fi-
nal wash, the cyclic AMP-containing water phase was decante~ 
into glass vials previously placed on dry ice for rapid 
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freezing. The frozen samples were lyophilized and the fre-
eze-dried residue was stored at -20°C until assayed for cy-
clic AMP content. 
Cyclic AMP content of the freeze-dried material was 
measured by a modification of the competitive protein-binding 
assay of Gilman (100). The results were expressed as pice-
moles of cyclic AMP per mg of wet tissue. 
B. Purification of Tissue Renin 
Samples collected for determination of tissue renin con-
tent were homogenized in 1 ml of 0.9% sodium chloride (phy-
siological saline) at 4°C, and centrifuged for 15 min at 
3500g. The supernatant was dialyzed for 24 hrs at 4°C 
against an EDTA-saline buffer at pH 3.3, followed by heating 
to 32°C for one hour to denature any endogenous renin sub-
strate or angiotensinases, and then dialyzed again for 24 
hrs at 4°C against an EDTA-phosphate buffer at pH 7.5 (101). 
The purified supernatant samples were then stored at -20°c 
until assayed for renin concentration by radio-immunoassay 
of angiotensin I. 
c. Angiotensin I Generation and Measurement 
Renin concentration in both the dialyzed purified and 
the incubated supernatant samples, was indirectly measured 
by determining the rate of angiotensin I generation produced 
by endogenous renin present in our samples upon exposure to 
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exogenous substrate (angiotensinogen) obtained from 4 hr ne-
phrectomized dog plasma (102). An inhibitor of converting 
enzyme and angiotensinases was used to prevent ~~y further 
conversion of the angiotensin I generated during a one hour 
incubation period at 37°C. Briefly, both the dialyzed and 
incubated supernatant samples were allowed to thaw, vortexed 
for ten seconds and maintained at 4°C in an ice-water bath. 
Aliquots of 0.025 ml from each sample were transferred to 
test tubes at 4°c. Five drops of saturated sodium chloride, 
and o.s ml of 4 hr nephrectomized dog plasma previously 
treated with the converting and angiotensinase inhibitor, 
phenyl methyl sulfonyl flouride (PMSF, Sigma, 0.05 ml per ml 
plasma) , were added to each tube. The samples were then in-
cubated for one hour at 37°c, diluted 1:2 with distilled-de-
ionized water, vortexed, and then placed in a boiling water 
bath for 3 min to stop further generation of angiotensin I. 
The samples were allowed to cool and then stored at -20°C 
until assayed. 
Renin concentration in all samples was then determined 
by radio~unoassay of angiotensin I in the generated samples 
(New England Nuclear). The results were expressed as nano-
grams of angiotensin I generated per mg of wet tissue per 
hour. 
Statistical significance of the data was evaluated by 
Student's paired and unpaired t-tests and Linear Regression 
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Analysis using a programmable desk-top calculator (Hewlett-
Packard). 
RESULTS 
Resting renin release rate and tissue cyclic AMP con-
tent of renal cortical slices from sodium deficient rats 
were initially evaluated in relation to the length of incu-
bation time (Fig. 1}. Renin release rate from these con-
trol tissue samples was linear with time of incubation (p < 
0.0005}, which would be expected of metabolically active en-
docrine tissue. In contrast, cyclic AMP content was maximal 
by 20 min of incubation and then decreased to a level similar 
to that seen at 5 min by the end of a one hour incubation 
period. 
Renin release and tissue cyclic AMP content responses 
to 10-3M dopamine administration were subsequently examined 
and compared to those of non-treated control samples (Fig. 2). 
These data show that the mean renin release rate of the dop-
amine-treated samples appeared to be higher than that of 
controls at 5 min and 20 min, and was significantly greater 
by 60 min. Similarly, corresponding tissue cyclic AMP levels 
were significantly greater than those of controls as early 
as 5 min. Tissue renin levels in dopamine-treated samples 
were not different from those of controls at 60 min. 
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To further evaluate the type of mechanism mediating the 
stimulatory effect of dopamine on renin release, an experi-
ment was designed to examine the effect of the dopamine-re-
ceptor agonist apomorphine, added alone or together with 
dopamine, on renin secretion, tissue cyclic AMP content, and 
tissue renin content (Fig. 3). In the presence of 10-6M apo-
morphine, dopamine was no longer capable of stimulating ren-
in release or tissue cyclic AMP content levels in our corti-
cal preparation. Apomorphine by itself did not affect renin 
release but it did stimulate cyclic AMP content at 60 min. 
Mean tissue renin content changes in the presence of dopamine 
plus apomorphine were consistent with those seen in renin 
release and cyclic AMP content. 
An additional study was undertaken to provide further 
evidence regarding the mechanism by which the dopamine-recep-
tor blocker pimozide stimulates renin secretion as previously 
reported (1,2). In this study, the effect of pimozide alone 
or together with dopamine, on renin release, tissue cyclic 
AMP content, and tissue renin content was examined in rela-
tion to the time of incubation (Fig. 4). The data show that 
two doses of pimozide (10-8M and 10-6M) added to the tissue 
preparation, caused a significant increase in renin release 
coupled with a significant decrease in tissue cyclic AMP 
content during a one hour incubation period. These changes 
were seen whether dopamine was present or not, suggesting 
the the effect was due to pimozide itself. In addition, the 
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mean tissue renin content appeared decreased by the a~~ini­
stration of pimozide when compared to controls. When the 
renin release, tissue renin content, and tissue cyclic AMP 
content responses to both pimozide doses were evaluated in 
regard to time of incubation (Fig. 5), the significant sti-
mulatory effect of this agent on renin release and its simul-
taneous marked inhibition of cyclic AMP content were evident 
as 5 min of incubation. At 60 min, mean tissue renin content 
of pimozide-treated samples appeared to be lower than that 
of controls. Furthermore, the renin release and tissue ren-
in content changes caused by pimozide administration appear-
ed dose-dependent, whereas those seen in tissue cyclic AMP 
content were similar in magnitude regardless of the dose 
used. 
Fig. 6 depicts the results of our study with dopamine 
and apomorphine, and those generated in a parallel study uti-
lizing the dopamine-receptor blocker d-butaclamol and the 
phosphodiesterase inhibitor theophylline. The implication 
of the significant stimulation of renin release and tissue 
cyclic AMP content seen in the presence of dopamine, theo-
phylline or d-butaclamol, and the corresponding inhibition 
of the stimulatory effect of dopamine on these parameters 






. Resting renin release rate and tissue cyclic &~P levels 
in renal cortical slices from sodium deficient rats. The 
data represent the mean renin release rate ± S.E. of 14 - 32 
observations and the mean tissue cyclic k~P level ± S.E. of 
12 - 14 observations at 3 incubation times. The mean rest-
ing renin release rate at S, 20, and 60 min of incubation 
was 2.55 ~ 0.28ng/mg/hr, 3.86 ± o.80ng/mg/hr, and 10.28 ± 
l.Olng/mg/hr, respectively. The corresponding mean resting 
tissue cyclic AMP levels were, 0.397 ± 0.032~nol/mg, 0.616 ± 
0.076pmol/mg, and 0.436 ± 0.046pmol/mg, respectively. The 
DBH inhibition FLA-63 (10-4M) was added to all samples u~ 
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Renin release rate, tissue cyclic AMP content, and tis-
sue renin content responses to 10-3 M dopamine added to renal 
cortical slices from sodium deficient rats. The data repre-
sent the mean renin release rate ± S.E. of 14 - 32 observa-
tions, the mean tissue cyclic AMP content ± S.E. of 12 - 14 
observations, and the mean tissue renin content ± S.E. of 23 
observations at 3 incubation times. The mean control (un-
treated} renin release rate and tissue cyclic AMP content 
values are the same as those described in Fig. 1. Mean con-
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Changes in renin release, tissue cyclic AMP content, 
and tissue renin content, in response to 10-3M dopamine and 
-6 . 10 M apomorph~ne, added separately or together to renal 
cortical slices from sodium deficient rats. The data repre-
sent the mean renin release change ± S.E. of 7 - 15 observa-
tions, the mean tissue cyclic AMP content change ± S.E. of 
7 - 8 0bservations, and the mean tissue renin content change 
± S.E. of 24 observations for each treatment at 3 incubaticn 
times. The mean control (untreated) renin release rate at 
5, 20, and 60 min of incubation was 2.56 ± 0.48ng/mg/hr, 
4.69 ± 1.5lng/mg/hr, and 10.60 ± 1.39ng/rng/hr, respectively. 
The corresponding mean control cyclic AMP content values 
were, respectively, 0.39 ± 0.033pmol/rng, 0.527 ± 0.094pmol/ 
mg, and 0.453 ± 0.072pmol/mg. Mean control tissue renin 
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Renin release, tissue cyclic AMP content, and tissue 
renin content responses to 10-3M dopamine, added along or 
together with 10-8M or l0-6H pimozide to renal cortical 
slices from sodium deficient rats. The data represent the 
mean renin release rate ± S.E. of 11 observations, the mean 
tissue cyclic AMP content ± S.E. of 9 observations, and the 
mean tissue renin content ± S.E. of 11 observations, for 
each treatment during a 60 min incubation period. The mean 
control (non-treated) renin release rate was 14.2 ± 3.6lng/ 
mg/hr, mean control cyclic.~ content was 0.794 ± O.l94pmol/ 
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Changes in renin release, tissue cyclic &~ content, 
and tissue renin content, in response to two doses of pimo-
zide added separately to a renal cortical slice preparation 
from sodium deficient rats. The data represent the mean ren-
in release change ± s.E. of 11 observations, the mean tissue 
c~clic ~~W content change ± S.E. of 6 - 9 observations, and 
the mean tissue renin content change ± S.E. of 11 observa-
tions for each treatment at 3 incubation times. The mean 
control (non-treated) renin release rate at s, 20, and 60 
min of incubation was 3.38 ± 0.88ng/mg/hr, 8.84 ± l.97ng/mg/ 
hr, and 14.2 ± 3.6lng/mg/hr, respectively. The correspond-
ing mean control cyclic &~P content values were, respective-
ly, 0.767 ± O.l76pmol/mg, 1.14 ± 0.33pmol/mg, and 0.794 ± 
O.l94pmol/mg. Mean control tissue renin content at 60 min 
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Changes in renin release, tissue 'cyclic AMP content, 
and tissue renin content in response to 10-3M dopamine added 
alone or together with 10-3M theophylline, 10-6M d-butacla-
mol, or 10-6M apomorphine, to renal cortical slices from so-
diurJ deficient rats. The data represent the mean renin re-
lease ch~'ge ± s.E. of 2 - 18 observations, the mean tissue 
cyclic AMP content change ± S.E. of 2 - 12 observations, and 
the mean tissue renin content change ± S.E. of 9 - 24 obser-
vations for each treatment at 3 incubation times. The mem1 
control (non-treated) values for treatments involving dop-
amine alone or together with theophylline and d-butaclamol 
at 5, 20, and 60 min o~ incubation were, respectively, 2.55 
± 0.276, 3.86 ± 0.801, and 10.28 ± l.Olng/mg/hr for,renin 
release1 0.397 ± 0.032, 0.616 ± 0.076, and 0.437 ± 0.046 
pmol/mg for cyclic &~ content; and 1419 ± 303ng/mg/hr for 
tissue renin content at 60 min. The corresponding mean con-
tr.ol values for treatments involving dopamine alone or to-
gether with apomorphine in regard to the same 3 parameters 
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The use of an in vitro renal cortical slice system in 
this study allowed an effective evaluation not only of the 
effect of isolated stimuli on renin release, but also of the 
dynamics of renin secretion in resting tissue in relation to 
time. Investigators utilizing this type of renal prepara-
tion have demonstrated that in resting renal tissue (11,103), 
renin secretion is an active process which is linear with 
time. The data generated in the present study, utilizing 
the sodium deficient rat (Fig. 1), clearly support this view. 
Dopamine has been shown to stimulate in vitro renin se-
cretion by a beta-adrenergic receptor mechanism (1,2,3,4) 
mediated by tissue cyclic AMP changes (1,2). Our data sup-
ports these observations by demonstrating that the signifi-
cant stimulatory effects exerted by dopamine on renin re-
lease after one hour of incubation (Fig. 2), was preceded by 
a significant increase in tissue cyclic AMP content as early 
as 5 min of incubation. This view is further supported by 
data from a parallel study in our laboratory (12), which 
show that addition of the phosphodiesterase inhibitor, theo-
phylline, to our cortical preparation, significantly poten-
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tiates the renin release and tissue cyclic AMP content re-
sponses to dopamine (Fig. 6). 
Although the mean tissue renin content of our dopamine-
treated samples was not significantly different from that of 
controls (Fig. 2), it was greater in magnitude, suggesting 
the possibility of renin synthesis in response to dopamine 
administration. Data from parallel studies utilizing_ theo-
phylline (Fig. 6) are consistent with this possibility since 
the mean tissue renin content responses to dopamine admini-
stration were potentiated when theophylline was simultaneous-
ly added to our in vitro system. This agrees with a number 
-
of previous studies reporting that catecholamine administra-
tion stimulates renin synthesis as well as renin secretion. 
For instance, addition of norepinephrine or epinephrine has 
been reported to increase tissue renin content in renal pre-
parations from cats (73) and that this effect is prevented 
by administration of the protein inhibitor, cyclohexamide. 
The use of radioactively labeled amino acids in monitoring 
:.new renin synthesis in response to sympathetic stimuli, has 
recently confirmed these findings (104). 
The concept of a specific renal dopaminergic receptor 
mediating the stimulatory effect pre-
viously proposed (105,106). The results of our study utili-
zing the dopamine-receptor agonist, apomorphine (Fig. 3), 
do not agree with this view. Instead, they suggest that dop-
amine may exert an inhibitory effect on renin release via 
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a cyclic AMP-mediated--dopamine-specific receptor mechanism, 
as indicated by the fact that apomorphine prevented the stim-
ulatory effect of dopamine on renin release and tissue cyclic 
AMP content. The observation in a parallel study (Fig. 6) on 
the potentiation of dopamine-induced renin release by the dop-
amine-receptor blocker, d-butaclamol, offers further support 
for the concept of dopamine-receptor mediated inhibition of 
renin release. Thus, our data suggest that dopamine may exert 
a dual regulatory control on renin secretion, namely a stimu-
latory one through a beta-adrenergic receptor mechanism and 
an inhibitory one via a dopamine-receptor pathway. This is 
not surprising, since dopamine has been reported to have the 
molecular flexibility required to effectively bind to struc-
turally different receptors (107). However, the physiologic-
al significance of this dual regulation of renin secretion by 
dopamine is unclear. A similar type of control has been pre-
viously proposed in regard to the effect of norepinepherine 
on renin secretion (9,10,74,75). Recently, Quesada et. al. 
(4), have reported results similar to those seen in our study, 
although the significance of the potentiation of renin release 
observed upon administration of the dopamine-receptor blocker, 
haloperidol, was not discussed. In hibitory effects by dop- -
amine, which appear to be mediated by dopamine-specific recep-
tors, have also been demonstrated in regard to aldosterone 
(108), episodic luteinizing hormone (109) , and prolactin re-
42 
lease ( 112) • 
Data from the present study (Fig. 4) confirm previous 
in vitro observations in our laboratory (1,2) in regard to 
the significant effect exerted by the dopamine-receptor 
blocker, pimozide, on renin release and tissue cyclic AMP 
content during a one our incubation period. The significant 
stimulatory effect on renin release and the simultaneous de-
pression of cyclic AMP content caused by the administration 
of this agent in previous studies, was confirmed in this 
study utilizing two additional doses. Furthermore, this 
dissociation of the renin release and tissue cyclic AMP re-
sponses to pimozide administration, occurred whether or not 
dopamine was s~ultaneously added, suggesting that the effect 
was due to pimozide itself. Our results (Fig. 4) have ex-
tended our previous observations by showing that tissue renin 
content at 60 min appeared decreased in relation to controls, 
suggesting an inhibition of de novo synthesis. The results 
--
of a subsequent experiment (Fig. 5), which examined the ef-
fects of pimozide on renin release, cyclic AMP content, and 
tissue renin content in relation to time, suggest that the 
action of this agent on these parameters is not mediated by 
a physiological mechanism, but rather by a toxic effect exert-
ed on the membrane of the renin-secreting cells. This view 
is supported by our observation that the rate of renin re-
lease in response to pimozide was markedly increased as early 
as 5 min, suggesting that pre-formed renin was being prefer-
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entially released, perhaps due to the alterations in juxta-
glomerular cell membrane permeability. Furthermore, the de-
creased levels in tissue cyclic AMP and tissue renin content 
seen in our study, are consistent with the view that pharma-
cological toxicity will inactivate membrane-bound adenylate 
cyclase systems. Pharmacological changes in membrane struc-
ture and permeability leading to uncontrolled renin release, 
have also been postulated to be important in the stimulatory 
effect exerted by the beta-receptor agonist isoproterenol 
(66), perhaps involving changes in tissue cyclic AMP and tis-
sue renin content similar to those seen in our study. This 
possibility however, cannot be confirmed, since these inves-
tigators only evaluated changes in renin release. In view 
of reports (95) questioning the specificity of pimoiide as a 
dopamine receptor blocker in peripheral organ systems, it is 
clear that specific dopamine-receptor antagonists need to be 
used in order to effectively evaluate the possibility that 
dopamine receptors participate in the regulation of renin 
secretion from the mammalian kidney. 
In summary, the data reported in this paper support the 
concept that dopamine may regulate renin secretion by two 
distinct receptor mechanisms involving changes in tissue cy-
clic AMP levels. Activation of beta-adrenergic receptors 
mediates its stimulatory effect (2) , while its inhibitory 
action may be exerted through dopamine-specific receptors 
(12). Additionally, these results clearly suggest that pim-
44 
ozide-stimulated renin release may be the consequence of 
adenyl cyclase inactivation induced by a generalized toxic 
effect exerted by pimozide on the juxtaglomerular cell mem-
brane, leading to alterations in its permeability. 
REFERENCES 
1. Lopez, G.A., F.D. Romano, V.A. Aletich, and L.M. Lissuzo, 
In Vitro Evidence for Cyclic 3'5'-Adenosine Mono-
pnosphate Mediation of the Effects of Isoproterenol 
and Dopamine on Renin Release, The Physiologist, 21: 
73, 1978. 
2. Lopez, G.A., F.D. Romano, V.A. Aletich, and L.M. Lissuzo, 
Cyclic Adenosine 3'5'-Monophosphate Mediation of the 
Effect of Dopamine of Renin Release by Renal Corti-
cal Slices from Sodium Deficient Rats: Modification 
by Dopaminergic and Beta-adrenergic Receptor Block-
ade, Proc. Soc. Exp. Biol. & Med., 162: 96-104, 
1979. 
3. Henry, D.P., w. Aoi, M.H. Weinberger, The Effect of Dop-
amine on Renin Release In Vitro, Endocrinology, 101: 
279-283, 1977. --
4. Quesada, T., L. Garcia-Torres, F. Alba, c. Garcia del 
Rio, The Effects of Dopamine on Renin Release in the 
Isolated Perfused Rat Kidney, Experentia, 35: 1203, 
1979. 
5. Hartroft, w.s., P. Hartroft, New Approaches in the Study 
of Cardiovascular Disease, Aldosterone, Renin, Hyper-
tension, and Juxtaglomerular Cells, Federation Pro-
ceedings, 20: 845-854, 1961. 
6. Bunag, R.D., I.H. Page, J.W. McCubbin, Neural Stimulation 
of Renin Release, Circulation Research, 19: 851-858, 
1966. 
7. Otsuka, K., T.A. Assaykeen, W.F. Ganong, W.H. Tu, Effect 
of Nephrectomy and Low Sodium Diet on Increased 
Plasma Renin Activity Produced by Hemorrhage, Proc. 
Soc. Exp. Biol. & Med., 124: 704, 1968. ----
8. Douglas, J., J. Hansen, K.J. Catt, The Relationship Be-
tween Plasma Renin Activity and Plasma Aldosterone 
After Dietary Electrolyte Change, Endocrinology, 
103: 60-65, 1978. 
45 
9. Lopez, G.A., I.A. Reid, W.F. Ganong, Effect of Sodium 
Deficiency and catecholamines on Renin Release In 
Vitro, The Physiologist, 18: 298, 1975. --
46 
10. Ganong, W.F., and G.A. Lopez, Control of the Juxtaglomer-
ular Apparatus, Excerpta Medica Inter. Congress Se-
ries No. 402, Endocrinology, 1: 215-220, 1977. 
11. Braverman, B., R.H. Freeman, and H.H. Rostorfer, The In-
fluence of Dietary Sodium Chloride on In Vitro Renin 
Release from Rat Kidney Slices, Proc. SOc. Exp. Biol. 
& Med., 138: 81-88, 1971. 
12. Lopez, G.A., s. Mottel, v. Rao, B. Sheppard, Further Evi-
dence for Cyclic AMP Mediation of the Stimulatory 
Effect of Dopamine on Renin Release In Vitro, Fed. 
~·, 39: 827, 1980. - -
13. Reid, I.A., B. Morris, W.F. Ganong, The Renin Angioten-
sin System, Ann. Rev. Physiol., 40: 377-410, 1978. 
14. Abraham, S.F., R.M. Baker, E.H. Blaine, D.A. Denton, M.J. 
McKing, Water Drinking Induced in Sheep by Angioten-
sin - Physiological or Pharmacological Effect?, J. 
Comp. Physiol. Psycho!., 88: 503-518, 1975. --
15. Erikkson, L., and F. Fyhrquist, Plasma Renin Activity 
Following Central Infusion of Angiotensin II and 
Altered CSF Sodium Concentration in the Conscious 
Goat, Acta. Physiol. Scand., 98: 209-216, 1976. 
16. Share, L., Interrelations Between Antidiuretic Hormone 
and the Renin-Angiotensin System, Fed. Proc., 38: 
2267, 1979. 
17. Tobian, L., A. Tomboulian, J. Janacek, Effect of High 
Perfusion Pressure on the Granulation of the Juxta-
glomerular Cells in an Isolated Kidney, J. Clin. 
Invest., 38: 605, 1959. 
18. Skinner, S.L., J.W. McCubbin, I.H. Page, Renal Barorecep-
tor Control of Renin Secretion, Science, 141: 814, 
1963. 
19. Blaine, E.H., J.o. Davis, R.T. Witty, Renin Release After 
Hemorrhage and After Suprarenal Aortic Constriction 
in Dogs Without Sodium Delivery to the Macula Densa, 
eire. Res. I 27: 1081, 1970. 
20. Blaine, E.H., J.O. Davis, R.L. Prewitt, Evidence for a 
Renal Vascular Receptor in Control of Renin Secre-
tion, Arner. J. Physiol., 220: 1593, 1971. 
47 
21. Witty, R.T., J.o. Davis, J.A. Johnson, R.L. Prewitt, Ef-
fects of Papaverine and Hemorrhage on Renin Secretion 
in the Non-Filtering Kidney, Amer. J. Physiol., 221: 
1666, 1971. 
22. Vander, A.J., R. Miller, Control of Renin Secretion in 
the Anesthetized Dog, Amer. J. Physiol., 207: 537-
546, 1964. 
23. Thurau, K., J. Schner.mann, w. Nagel, Composition of Tu-
bular Fluid in the Macula Densa Segment as a Factor 
Regulating Function of the Juxtaglomerular Apparatus, 
eire. Res., 21: 79, 1967. 
24. Nash, F.D., H.H. Rostorfer, M.D. Bailie, R.L. Wather, 
E.G. Schnieider, Renin Release, Relation to Renal 
Sodium Load and Dissociation from Hemodynamic Changes, 
eire. Res., 22: 473-487, 1968. 
25. Humphreys, M.H., I.A. Reid, R.C. Offerman, R.A. Liberman, 
L.E. Early, The Relationship Between Sodium Excretion 
and Renin Secretion by the Perfused Kidney, Proc. 
Soc. Exp. Biol. & Med., 150: 728-734, 1975.----
26. Barajas, L., Renin Secretion: An Anatomical Basis for 
Tubular Control, Science, 172: 485, 1971. 
27. Burg, M., and N. Green, Effect of Mersalyl on the Thick 
Ascending Limb of Henle's Loop, Kidney International, 
4: 245-251, 1973. 
28. Kokko, J.P., Membrane Characteristics Governing Salt and 
Water Transport in the Loop of Henle, Fed. Proc., 
33: 25-30, 1974. 
29. DeCharnplain, J., J. Genest, R. Veyrat, and R. Boucher, 
Factors Controlling Renin Secretion in Man, Arch. 
Intern. Med. (Chicago), 117: 355, 1966. ----
30. Bunag, R.D., I.H. Page, J.W. McCubbin, Distribution of 
Renin Release by Vasopressin and Angiotensin, ~· 
~·· 1: 67-73, 1967. 
31. Blair-West, J.R., J.P. Coghlan, D.A. Denton, J.W. Founder, 
B.A. Sloggins, and R.D. Wright, Inhibition of Renin 
Secretion by Systemic and Intrarenal Angiotensin 
Infusion, Am. J. Physiol., 220: 1309-1315, 1971. 
32. Shade, R.E., J.o. Davis, J.A. Johnson, R.w. Gotshalk, 
w.s. Sielrnan, Mechanism of Action of Angiotensin and 
Antidiuretic on Renin Secretion, Am. J. Physiol., 
224: 926-929, 1973. 
48 
33. Saruta, T., s. Matuski, The Effect of Cyclic AMP Theo-
phylline and Angiotensin II and Electrolytes upon 
Renin Release from Rat Kidney Slices, Endoc. Japan, 






Vandongen, R., w.s. Peart, and G. Boyd, Effect of Angio-
tensin II and Its Non-Pressor Derivatives on Renin 
Secretion, Am. J. Physiol., 226: 227-282, 1974. 
Vander, A.J., Inhibition of Renin Release in the Dog by 
Vasopressin and Vasoconstriction, Circ. Res., 23: 
605-609, 1968. 
Tagawa, H., A.J. Vander, J.P. Bonjour, R.L. Malvin, In-
hibition of Renin Secretion by Vasopressin in Unan-
esthetized, Sodium-Deprived Dogs, Am. J. Physiol., 
220: 949-951, 1971. 
Hollenberg, N.K., G.H. Williams, B. Burger, w. Chenitz, 
I. Hoes, D.F. Adams, Renal Blood Flow and Its Re-
sponse to Angiotensin II: An Interaction Between 
Oral Contraceptive Agents, Sodium Intake, and the 
Renin-Angiotensin System in Healthy Young Women, 
Circ. Res., 38: 35-40, 1976. 
Ganong, W.F., Medical Physiologt' 8th Ed., Lange Med. 
Publications, Los Altos, Ca ifornia, pp. 281-282, 
1977. 
39. Davis, J.o., The Control of Renin Release. Am. J. Med., 
55: 333-350, 1973. 
40. Frolich, J.c., J.W. Hollifield, J.C. Dermis, B.L. Frolich, 
H. Seybreth, A.M. Michelakis, J.A. Oates, Suppression 
of Plasma Renin Activity by Indomethacin in Man, 
Circ. Res., 39: 441 1 1916. 
41. Weber, P.c., c. Larson, E. Anggard, H. Hamberg, E.J. 
Corey, K.C. Nicolari, B. Samuelsson, Stimulation of 
Renin Release from Rabbit Renal Cortex by Arachidonic 
Acid and Prostaglandin Endoperoxidases, Cir. Res., 
39: 868,1976. 
42. Whorton, A.R., K. Misono, J. Hollifield, J.c. Frolich, 
T. Inagami, J.A. Oates, Stimulation of Renin Release 
from Rabbit Renal Cortical Slices by PGI2 , Prosta-glandins, 14: 1095, 1977. 
43. Passe, S.A., T.A. Assaykeen, K. Otsuka, Effect of Stimu-
lation of the Medulla Oblongata on Renin Secretion 
in Dogs, Neuroend., 7: 1-10, 1971. 
49 
44. Richardson, D., A. Stella, G. Leonetti, A. Bartorelli, A. 
Zanchetti, Mechanism of Renal Renin Release by Elec-
trical Stimulation of the Brainstem of the Cat, E!!£• 
Res., 34: 425-434, 1974 • 
......... 
45. Ueda, H., H. Yasuda, Y. Takabatake, T. Iizuka, M. Iizuka, 
M. Iori, M. Yamamoto, I. Inoue, Y. Sakamoto, The 
Mechanism of Renin Secretion Following Electrical 
Stimulation of the Midbrain, Jap. Circ. J., 31: 
1831-1832, 1967. 
46. Zehr, J.E., E.O. Feigel, Suppression of RenL~ Activity 
by Hypothalamic Stimulation, Circ. Res., Suppl. I, 
17-27, 1973. 
47. Guyton, A.C., Textbook of Medical Physiology, 5th Ed., 
W.B. Saunders Co., Philadelphia, Penn., 1976. 
48. Lokhadwala, M.F., J.P. Buckelyt, B.s. Jandhyala, Reduc-
tion of Plasma Renin Activity by Central Administra-
tion of Angiotensin II in Anesthetized Cats, Clin. 
Exp. Hyper., 1: 167-175, 1978. ----
49. Philips, M.I., J. Weyhenmeyer, D. Felix, D. Gutun, W.E. 
Hoffman, Evidence for Endogenous Brain Renin-Angio-
tensin System, Fed. Proc., 38: 2260-2266, 1979. 
so. Day, R.n., I.A. Reid, Renin Activity in the Dog Brain: 
Enzymological Similarity to Cathepsin D, Endocrine!-
~' 99: 93, 1976. 
51. DeMuylder, C.G., The 'Neurality' of the Kidney, Mono-
graph on the Nerve Supply to the Kidney, Springfield, 
Ill., Thomas, 1952. 
52. Barajas, L., The Innervation of the Juxtaglomerular App-
aratus, Lab Invest., 13: 916-929, 1964. 
53. Wagermark, J., u. Ungerstedt, A. Ljungvist, Sympathetic 
Innervation of the Juxtaglomerular Apparatus, Circ., 
~., 22: 149-153, 1968. ----
54. Hartroft, P.M., Electron Microscopy of Nerve Endings As-
sociated with Juxtaglomerular Cells and Macula Densa, 
Lab Invest., 15: 1127-1128, 1966. 
55. Barajas, L., Innervation of the Renal cortex, Fed. Proc., 
37: 1192-1201, 1978. 
56. Zanchetti, A., A. Stella, G. Leonetti, A. Morganti, L. 
Terzoli, Control of Renin Release: A Review of Exp-
50 
erimental Evidence and Clinical Implications, Am. J., 
of cardiology, 37: 675-691, 1976. 
57. Johnson, J.A., J.O. Davis, R.T. Witty, Effects of Cate-
cholamines and Renal Nerve Stimulation on Renin Re-
lease in the Non-Filtering Kidney, Circ. Res., 29: 
646-653, 1971. 
58. Vander, A.J., Effect of Catecholamines and Renal Nerves 
on Renin Secretion in Anesthetized Dogs, Am. J. Phy-
!!2!•' 209: 659-662, 1965. 
59. Martin, D.M., F.N. White, Evidence for Direct Neural Re-
lease of Renin, Fed. Proc., 30: 431, 1971. 
60. Loeffler, J.R., J.R. Stockigt, and W.F. Gangong, Effect 
of Alpha- and Beta-adrenergic Blocking Agents on the 
Increase in Renin Secretion Produced by Stimulation 
of Renal Nerves, Neuroendo., 10: 129-138, 1972. 
61. Stella, A., A. Zanchetti, Effects of Renal Denervation of 
Renin Release in Response to Tilting and Furosemide, 
Am. J. Physiol., 232: H500, 1977. 
62. Ayers, C.R., H. Harris, and L.G. Lefed, Control of Renin 
Release in Experimental Hypertension, Circ. Res., 
24-25 Supp. I: Il03-Ill2, 1969. 
63. Ueda, H., H. Yasuda, Y. Takabatake, M. Iizuka, M. Ihori, 
Y. Sakamoto, Observations on the Mechanism of Renin 
Release by Catecholamines, Circ. Res., 26-27 Supp. 
II: 195-200 1 1970. , 
64. Winer, N., D.s. Chokshi, and M.C. Walkenhorst, Effects of 
Cyclic AMP, Sympathomimetic Amines and Adrenergic 
Receptor Antagonists on Renin Secretion, Circ. Res., 
29: 239-248, 1971. 
65. Wilcox, c.s., M.J. Aminoff, A.B. Kurtz, and J. Slater, 
Comparison of Renin Release to Dopamine and Norepi-
nephrine in Normal Males and Patients with Autonomic 
Insufficiency, Clin. Sci. and Malec. Med., 46: 481-
488, 1974. 
66. Johns, E.J., H.K. Richards, B. Singer, Effects of Epi-
nepherine, Norepinepherine, and Isoprenaline and Sal-
butamol on Production and Renin Release in Isolated 
Renal Cortical Slices of the Cat, Br. J. Pharmacol., 
53: 67, 1975. 
51 
67. Vandongen, R., K.D. Strang, M. Poesse, W.H. Brikenhager, 
Suppression of Renin Secretion in Rat Ki~~ey by a 
Non-Vascular Alpha-Adrenergic Mechanism, Circ. Res., 
45: 435-439, 1979. 
68. Otsuka, K., T.A. Assaykeen, A. Goldfien, W.F. Ganong, Ef-
fect of Hypoglycemia on Plasma Renin Activity in Dogs, 
Endocrinology, 87: 1306-1317, 1970. 
69. Assaykeen, T.A., and W.F. Ganong, Sympathetic Nervous 
System and Renin Secretion, in Martini and Ganong, 
Frontiers in Neuroendocrinolol~' Oxford University 
Press, New York, pp. 67-162, 71. 
70. Nolly, H., I.A. Reid, and W.F. Ganong, Effect of Theo-
phylline and Adrenergic Blocking Drugs on Renin Re-
lease to Norepinephrine In Vitro, Circ. Res., 35: 
575, 1974. --
71. Michelakis, A., J. Caudle, G. Liddle, In Vitro Stimula-
tion of Renin Production by Epinepner~ne and Norepi-
nepherine and Cyclic AMP, Proc. Soc. Exp. Biol. & 
~., 130: 748-753, 1969. 
72. Weinberger, M., w. Aoi, D.P. Henry, Direct Effect of 
Beta-Adrenergic Receptors on Renin Release by Rat 
Kidney Slices~ Vitro, Circ. Res., 37: 318, 1975. 
73. Reid, I.A., J.R. Stockigt, A. Goldfein, and w.F. Ganong, 
Stimulation of Renin Release in Dogs by Theophylline, 
Eur. J. Pharmacol., 17: 325-332, 1972. 
74. Vandongen, R., w.s. Peart, Inhibition of Renin Secretion 
by Alpha-Adrenergic Stimulation in Isolated Rat Kid-
ney, Clin. Sci. & Mol. Med., 47: 471-479, 1974. 
75. Pettinger, W.A., T.K. Keeton, W.B. Campbell, and D.C. 
Harper, Evidence for Renal Alpha-Adrenergic Recep-
tors Inhibiting Renin Release, Circ. Res., 38: 338-
346, 1976. ~ 
76. Lopez, G.A., I.A. Reid, J.C. Rose, W.F. Ganong, Effect 
of Norepinepherine on Renin Release and Cyclic AMP 
in Rat Kidney Slices: Modification by Sodium Defi-
ciency and Alpha-Adrenergic Blockade, Neuroendo., 
27: 63, 1978. 
77. Thorner, M.o., Dopamine is an Important Neurotransmitter 














Baldessarini, A.J., M. Karobath, Biochemistry and Physi-
ology of the Central Nervous Synapses, Ann. Rev. Phy-
~., 35: 273, 1973. 
Anton, A.H., D.F. Sayre, The Distribution of Dopamine 
and Dopa in Various Animals and a Method for Their 
Determination in Diverse Biological Material, J. 
Pharmacal. Exp. Ther., 145: 326, 1964. -
McDonald, R.H., L.I. Goldberg, J.L. McNay, E.P. Tuttle, 
Effect of Dopamine in Man: Augmentation of Sodium 
Excretion and Blood Flow in Man, Clin. Res., 11: 
248, 1963. 
McDonald, R.H., L.I. Goldberg, J. McNay, E.P. Tuttle, 
Effect of Dopamine in Man: Augumentation of Sodium 
Excretion, Glomerular Filtration Rate and Renal Plas-
ma Flow, J. Clin. Invest., 43: 1116-1124, 1964. 
McNay, J.L., K.L. MacCannell, M.B. Mayer, L.I. Goldberg, 
Hypotensive Effect of Dopamine in Dogs and Hyperten-
sive Patients after Phenoxybenzamine, J. Clin. In-
~., 45: 1045-1046, 1966. 
Yeh, B.K., J.L. McNay, L.I. Goldberg, Attenuation of Dop-
amine Renal and Mesenteric Vasodilation by Haloperi-
dol: Evidence for a Specific Dopamine Receptor, J. 
Pharmacal. Exp. Ther., 168: 303-309, 1969. --
Goldberg, L.I., and B.K. Yeh, Specific Block of Dopamine 
Receptors in the Renal Vascular Bed by Chloroprom-
azine, In Abs. Fourth International Con~ress of 
Pharmacologx, Base!, Sw~tzeriand, p. 35 , 1969. 
Tseng, L.T. and E.J. Walaszek, Blockade of the Dopamine 
Depressor Response by Bulbocapnine,Fed. Proc., 29: 
741, 1970. 
Goldberg, L.I. and G. Musgrave, Attenuation of Dopamine-
Induced Renal Vasodilation by Bulbocapnine and Apo-
morphine, Pharmacologfst, 13: 227, 1971. 
Goldberg, L.I., P.S. Soneville, J.L. McNay, An Investi-
gation of the Structural Requirements for Dopamine-
like Renal Vasodilation: Phenylethylamine and Apo-
morphine, J. Pharm. Exp. Ther., 163: 188-197, 1968. 
Nakajima, T., F. Naitoh, and I. Kuruma, Dopamine Sensi-
tive Adenylate Cyclase in Rat Kidney Particulate Pre-
paration, Eur. J. Pharmacal., 41: 163-169, 1976. 
53 
89. Nakajima, T., F. Naitoh, and I. Kuruma, Elevation of Cy-
clic AMP in Perfusate of Rat Kidney After Addition 
of Dopamine, Eur. J. Pharmacal., 45: 195-197, 1971. 
90. Brown, J.H., M.H. Makman, Stimulation by Dopamine of Ad-
enylate Cyclase in Retinal Homogenates, and of Aden-
osine 3'5'-Monophosphate Formation in Intact Retina, 
Proc. Nat. Acad. Sci., U.S.A., 69: 539-543, 1972. 
91. Kebabian, J.W., G.L. Petzold, P. Greengard, Dopamine Sen-
sitive Adenylate Cyclase in the Caudate Nucleus of 
the Rat Brain and its Similarity to the •nopamine 
Receptor•, Proc. Nat. Acad. Sci., U.S.A., 69: 2145-
2149, 1972. 
92. Clement-Cormier, Y.C., J. Kebabian, G. Petzold, P. Green-
gard, Dopamine Sensitive Adenylate Cyclase in the 
Mammalian Brain, Possible Site of Action of Anti-
Psychotic Drugs, Proc. Nat. Acad. Sci., U.S.A., 71: 
1113-1117, 1974. 
93. Bell, c., and W.J. Lang, Effect of Renal Dopamine Recep-
tor and Beta-Adrenergic Blockade on Renin Release in 
Blood Angiotensin After Renal Ischemia and Furose-
mide Diuresis in the Dog, Clin. Sci. Malec. Med., 
54: 17-23, 1978. 
94. Imbs, J.L., M. Schmidt, and J.R. Schwartz, Effect of Dop-
amine on Renin Secretion in the Anesthetized Dog, 
Eur. J. Pharmacal., 33: 151-157, 1975. 
95. Imbs, J.L., M. Schmidt, and J.R. Schwartz, Effects of 
Apomorphine and Pimozide on Renin Secretion in the 
Anesthetized Dog, Eur. J. Pharmacal., 38: 175, 1976. 
96. Cuche, J.L., o. Kuchel, A. Barbequ, R. Boucher, and J. 
Genest, Relationship Between the Adrenergic Nervous 
System and Renin During Adjustment to Upright Post-
ure: A Possible Role for 3,4-Dihydroxy Phenylethyl-
amine (Dopamine), Clin. Sci., 43: 481-491, 1972. 
97. Chokshi, D.S., B.K. Yeh, and P. Samet, Effect of Dopamine 
and Isoproterenol on Renin Secretion in the Dog, 
Proc. Soc. Exp. Biol. & Med., 140: 54-57, 1972. 
98. DeLuca, H.F., and P.P. Cohen, Preparation of Tissue and 
Enzymes in Umbreit, Burris and Stauffer, Manometric 
Techniques, p. 133, 1964. 
54 
99. Brodde, O.E., M. Nagel and H.J. Schumann, Mechanism of 
Inhibition of Dopamine Beta-Hydroxylase Evoke by 
FLA-63: An In Vitro Study, Arch. Int. Pharmacodyn., 
228: 184-19Q; 1977. 
100. Gilman, A.G., A Protein Binding Assay for Cyclic AMP, 
Proc •. Nat. Acad. Sci., U.S.A., 67: 305-312, 1970. 
101. Skinner, S.L., Improved Assay Methods for Renin Concen-
tration and Activity in Human Plasma, Circ. Res., 
22: 2967, 1967. 
102. Reid, I.A., W.H. Tu, K. Otsuka, T.A. Assaykeen, and W.F. 
Ganong, Studies Concerning the Regulation and Import-
ance of Plasma Angiotensinogen Concentration in the 
Dog, Endocrinology, 93: 107-114, 1973. 
103. DeVito, E., R.R. Cabrera, J.c. Fasiolo, Renin Production 
and Release by Rat Kidney Slices, Am. J. Physiol., 
219: 1042-1045, 1970. 
104. Katz, S.A., R.L. Malvin, Newly Synthesized Renin is a 
Component of Secreted Renin, Fed. Proc., 39: 827, 
1980. 
105. Barbeau, A., L. Gillo-Jeffrey, R. Boucher, w. Nowaczyn-
ski, and J. Genest, Renin-Angiotensin-Aldosterone 
System in Parkinson's Disease, Science, 165: 291, 
1969. 
106. Barbeau, A., Dopamine and Disease, Can. Med. Assoc. J., 
103: 825, 1970. 
107. Goldberg, L.I., Commentary: The Dopamine Vascular Re-
ceptor, Biochem. Pharmacol., 24: 651-653, 1975. 
108. Carey, R.M., M.O. Thorner, E.M. Ortt, Effect of Meta-
clopramide and Bromocriptine on Renin-Angiotensin-
Aldosterone System: Dopaminergic Control of Aldo-
sterone, J. Clin. Invest., 63: 727-735, 1979. 
109. Drouva, s. and R. Gallo, Catecholamine Involvement in 
Episodic Leutenizing Hormone Release in Adult Ovar-
ectomized Rats, Endocrinology, 99: 651, 1976. 
110. Thurau, K., Intrarenal Action of Angiotensin in Angio-
tensin, edited by I.H. Page, F.M. Bumpus, New York, 
Spr~nger-Verlag, pp. 475-489, 1974. 
111. Blaine, E.H., M.B. Zimmerman, Renal Function and Renin 
Secretion after Administration of Oubain and Oubain 
Plus Furosemide in Conscious Sheep, Circ. Res., 43: 
36-48, 1978. 
55 
112. Goldsmith, P.C., M.S. Cronin, R.I. Weiner, Dopamine Re-
ceptor Sites in the Anterior Pituitary, J. Histochem. 
& Cytochem., 27: 1205-1207, 1979. 
APPROVAL SHEET 
The thesis submitted by Visalak~hi Rao has been read and ap-
proved by the following comm~ttee: 
Dr. Genaro A. Lopez 
Assoc. Prof., Biology 
Loyola University 
Dr. Albert J. Rotermund 
Assoc. Prof., Biology 
Loyola University 
Dr. John J. Peluso 
Assist. Prof., Biology 
Loyola University 
The final copies have been examined by the director of the the-
sis and the signature which appears below verifies the fact 
that any necessary changes have been incorporated and that the 
thesis is now given for final approval by the committee with 
reference to content and form. 
The thesis is therefore accepted in partial fulfillment of the 
requirements for the degree of Master of Science in Biology. 
te 
~---c-:-e......, .. ,..{> /1. ~c~ r ~ril 18, 1980 
D~rector 1 s Signature t> 
